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(54) PRODUCTION OF LIGHT SHIELDING FILM FOR PHOTOMASK BLANK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process for 
producing light shielding films for a photomask blank 
capable of efficiently forming the light shielding films 
having decreased pinholes and desired characteristics. 
SOLUTION: Chromium is placed on a holding section 19 
in the second vacuum space 52 of a vacuum vessel 6. 
The Ar of a discharge gas introduced in a plasma forming 
chamber (first vacuum space) 51 by a plasma forming 
means (electron gun) 50 is converted to plasma by an 
arc discharge to form the plasma. This plasma is 
introduced as plasma flow 13 into the second vacuum 
space 52 of the pressure lower than the pressure of the 
first vacuum space 51 and the chromium of the holding 
section 19 is irradiated with the electrons in the plasma. 
The evaporated chromium passes the inside of the 
plasma in the second vacuum space 52, by which the 
chromium is ionized. The ions arrive at the surface of a 
glass substrate 12 kept at a low temp, below 100° C 
without heating, thereby forming the chromium films 
thereon. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]ln a manufacturing method of a light-shielding film for photo mask blanks which forms 
a light-shielding film of chromium or a chromium compound on a glass substrate, Arc 
discharge generates plasma all over the 1st vacuum space set as a predetermined pressure, 
An emission corresponding to a film to form is installed in the 2nd vacuum space set as a 
pressure lower than said 1st vacuum space, Said emission installed all over this 2nd vacuum 
space is irradiated with said plasma introduced into the 2nd vacuum space from said 1st 
vacuum space, A manufacturing method of a light-shielding film for photo mask blanks 
temperature of said glass substrate being 100 ** or less all over the 2nd vacuum space, and 
forming a light-shielding film. 

[Claim 2]A manufacturing method of the light-shielding film for photo mask blanks according to 
claim 1 using oil free pumps, such as a turbo-molecular pump, as an exhaust means of said 
1st and 2nd vacuum space. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the light-shielding 
film for photo mask blanks using the arc discharge type ion plating using the plasma generated 
from the pressure-gradient type plasma production means. 
[0002] 

[Description of the Prior Art]ln the manufacturing process of an integrated circuit, in order to 
form a predetermined pattern in semiconductor substrates, such as a silicon wafer which 
applied photoresist, the photo mask which has a predetermined pattern is used. The photo 
mask blank is used as a substrate for manufacturing this photo mask. A photo mask blank 
forms a chromium film as a light-shielding film on translucency boards, such as silica glass. 
[0003]As a method of forming this chromium film, a vacuum deposition method, ion beam 
assist method, magnetron type sputtering process, etc. are known. Generally, it is required that 
that the light-shielding film of a photo mask blank does not have a pinhole, that adhesion with a 
substrate is good, predetermined reflectance, optical density, thickness, and an etching rate 
should be obtained etc. 
[0004] 

[Problem(s) to be Solved by the lnvention]However, by the above-mentioned conventional 
method, the chromium film of the characteristic of a request - there are many pinholes - was 
not able to be formed efficiently. 

[0005]That is, when vacuum deposition is used, it is possible to obtain moderate optical 
density and etching rate, but since it deposits on a substrate, without the quality of an emission 
ionizing, adhesion with a glass substrate will also have the low bad density of a film, and many 
pinholes will occur. 

[0006]Although it was a method for film deposition which ion beam assist method irradiates 
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[ method for film deposition ] a substrate with ion, raises the adhesion of a glass substrate and 
a light-shielding film, and can expect the densification of a thin film, the density and the 
adhesion of a thin film are insufficient, and the pinhole had generated it mostly too. 
[0007]ln magnetron type sputtering process, a chrome thin film with few pinholes can be 
formed. However, it was difficult to obtain difficult moderate optical density with sufficient 
reappearance to be easy to cause uneven thickness distribution by uneven weld slag, and also 
to control thickness by high degree of accuracy on an equipment configuration, since 
installation of an optical thickness gage is difficult. There was a problem that a membrane 
formation rate was late also in respect of mass production nature. 

[0008]When forming a chrome thin film as a light-shielding film, sublimability of chromium is 
high and it tends to generate a splash. However, in order to heat a substrate at 200 ** or about 
300 ** in the above-mentioned conventional method for forming thin film, The splash which the 
splash was attached easily and also was attached to the membrane surface adhered firmly 
with the heat of the elevated-temperature board, and there was a problem of being able to take 
greatly by the washing process after the film of a splash portion forming membranes, etc., and 
generating a pinhole. 

[0009]This invention solves such a conventional problem and a pinhole aims at providing the 
manufacturing method of the light-shielding film for photo mask blanks which can form the 
light-shielding film of the desired characteristic efficiently few. 
[0010] 

[Means for Solving the Problem]To achieve the above objects, this invention is a 
manufacturing method of a light-shielding film for photo mask blanks which forms a light- 
shielding film of chromium or a chromium compound on a glass substrate, Arc discharge 
generates plasma all over the 1st vacuum space set as a predetermined pressure, An 
emission corresponding to a film to form is installed in the 2nd vacuum space set as a 
pressure lower than said 1st vacuum space, It shall irradiate with said plasma introduced into 
the 2nd vacuum space from said 1st vacuum space, temperature of said glass substrate shall 
be 100 ** or less all over the 2nd vacuum space, and a light-shielding film is formed in said 
emission installed all over this 2nd vacuum space. 

[0011] Arc discharge generates plasma all over the 1st vacuum space set as a predetermined 
pressure, If a chromium film or a chromium compound film is manufactured on a glass 
substrate by arc discharge type ion plating using a pressure-gradient type plasma production 
means to introduce this plasma into the 2nd vacuum space set as a pressure lower than said 
1st vacuum space, It turned out that a good light-shielding film is formed efficiently. 
[0012]This has high density of plasma introduced all over said 2nd vacuum space by said 
plasma production means, and since the degree of electrolytic dissociation near [ which 
moreover forms a thin film in the 2nd vacuum space ] a position (position which installs a 
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substrate) is high, it is considered because there are many rates of ionization of quality of an 
emission. Since inside of said 2nd vacuum space is a high vacuum, mixing of impurities 
(particles other than thin film structure material, etc.) to inside of a film of a light-shielding film 
to form is controlled, and it thinks because it has a value with a light-shielding film near desired 
bulk density. 

[001 3] Although chromium tends to start a splash that it is easy to sublimate, since it set glass 
substrate temperature as 100 ** or less and low temperature, a splash (particle) is not easily 
attached to a substrate, particle which moreover adhered to a membrane surface on a 
substrate is not printed, and it cannot serve as a defect of a pinhole etc. easily. Since it is not 
necessary to heat by a substrate being low temperature, there is almost no temperature 
unevenness on the surface of a glass substrate, and uniform membraneous quality can be 
easily obtained with sufficient reproducibility. 

[0014]Knowledge that an oil bag from an exhaust system was a cause of pinhole generating of 
a light-shielding film was acquired. For this reason, if oil free pumps, such as a turbo-molecular 
pump, are used as an exhaust means of said 1st and 2nd vacuum space, it will be lost that oil 
from an exhaust system is incorporated into a film, and pinholes of a light-shielding film on a 
glass substrate will decrease in number remarkably. 
[0015] 

[Embodiment of the lnvention]Below, the manufacturing method of the light-shielding film for 
photo mask blanks concerning this invention is explained according to an accompanying 
drawing. Drawing 1 is an outline lineblock diagram of the system for thin film deposition (arc 
discharge type ion plating system) used when carrying out this invention. 
[0016]This system for thin film deposition, An evaporation source (emission). The attaching 
part 19 to lay. The pivotable substrate holder 18 which supports the evaporation source 
holding mechanism 7 which it has, the permanent magnet 8 for plasma convergence installed 
in this about seven holding mechanism, and the glass substrate 12, the thickness monitor 17 
which consists of a crystal oscillator which measures the thickness of the thin film formed on 
the glass substrate 12, It has the shutter 15 which prevents the evaporation particles from an 
evaporation source reaching the glass substrate 12, and is installed in the vacuum housing 6 
made from the stainless steel (SUS304) in which these each component carries out section 
forming of the 2nd vacuum space 52. A plasma production means (electron gun) 50 to 
generate the plasma which contains in the side attachment wall of the vacuum housing 6 the 
electron which heats said evaporation source makes the vacuum housing 6 airtightly open for 
free passage, and is attached, The air-core coil 14 for giving a magnetic field from the exterior 
to plasma is prepared for the terminal area of this creating means 50 and vacuum housing 6. It 
has the bias power supply 1 1 for making it the potential of the glass substrate 12 laid in the 
substrate holder 18 and this turn into electronegative potential to the potential of the 
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evaporation source holding mechanism 7. 

[0017]The evaporation source holding mechanism 7 has a water cooling system of a graphic 
display abbreviation, and it serves as the anode of the plasma production means 50. It is 
constituted so that it may become high potential rather than the substrate holder 18 by the bias 
power supply 1 1 as mentioned above. Two or more crevices are formed in the attaching part 
(crucible) 19 of this evaporation source holding mechanism 7 upper part so that two or more 
kinds of emissions can be laid, and the selecting means 21 which rotates the attaching part 19 
of the holding mechanism 7 so that plasma may be selectively irradiated by the emission of 
each crevice is established. The selecting means 21 has the shield means 20 of covering etc. 
in which the notch was formed in the prescribed position so that plasma may not be irradiated 
by the emission of the attaching part 19 which does not form membranes. 
[0018]The exhaust port 9 of the exhaust means for carrying out the suction exhaust air of the 
gas in the container 6 is established in the vacuum housing 6. An exhaust means comprises oil 
diffusion pump and oil sealed rotary pump, auxiliary valve, rough length valve (all are graphic 
display abbreviations), and main-valve 16 grade provided with the trap provided in the exhaust 
system connected to this exhaust port 9. The reaction gas supplying ports 10 which supply 
reactant gas, such as N 2 , are formed in the container 6, and the reactant gas feeding means 

(not shown) for introducing reactant gas in the container 6 is connected to the vacuum housing 
6 in these reaction gas supplying ports 10. 

[00191 drawing 2 is what expanded the cathode part side of said plasma production means 50 
of a system for thin film deposition ~ as the plasma production means 50 - "- vacuum; -- the 
pressure-gradient type plasma production device using composite cathode which is indicated 
to No. 25 and 10th volume" was used. 

[0020]The cathode part which this plasma production means 50 is arranged at an end, and is 
provided with the main negative electrode 2 and the auxiliary cathode 23, It has the quartz 
tube 22, the 1st bipolar electrode 3 having an annular permanent magnet, the 2nd bipolar 
electrode 4 (refer to drawing 1 ) having the 2nd air-core coil, the anode 7 (refer to drawing 1 ) 
that serves both as evaporation source holding mechanism, and the main stroke power supply 
5 (refer to drawing 1 ). In the permanent magnet of the 1st bipolar electrode 3, and the 2nd air- 
core coil of the 2nd bipolar electrode 4, the cooling methods (waterway of cooling water, etc.) 
of a graphic display abbreviation are provided, and excessive heating is prevented to them. 
Both the bipolar electrodes 3 and 4 are formed in ring shape, and the space connected to the 
vacuum housing 6 with the bipolar electrodes 3 and 4 and the quartz tube 22 is formed. Let 
space in the quartz tube 22 which touches especially a cathode part among this space be the 
plasma production room (the 1st vacuum space) 51. The bipolar electrodes 3 and 4 form the 
free passage connecting space which opens the 1st vacuum space 51 and 2nd vacuum space 
(inside of the vacuum housing 6) 52 for free passage. 
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[0021]Here, the discharge process by the plasma production means 50 is explained. Ar gas is 
introduced as discharge gas (carrier gas) from the gas inlet 1 of said cathode part, and the gas 
pressure of the neighborhood field (said 1st vacuum space 51) of a cathode part is maintained 
to about 1 Torr. On the other hand, by said exhaust means, it sets up so that the pressure of 
the neighborhood field of the anode (evaporation source holding mechanism) 7 in the vacuum 

housing 6 may serve as a 2x10 " 3 Torr grade. And the direct current voltage before and behind 
600V is impressed between said cathode part and the anode 7 according to the main stroke 
power supply 5 in this state. Thereby, glow discharge (below 1A) is first generated at the tip of 
the auxiliary cathode 23. The tip of the auxiliary cathode 23 is heated by the collision of the 
back run ion by ionization of Ar gas by this glow discharge (initial discharge). As a result, it 
comes to emit a thermal electron, discharge voltage falls gradually, and discharge current 
increases auxiliary cathode 23 tip. If the tip of the auxiliary cathode 23 is heated by not less 
than 2000 **, it will enable discharge current for discharge voltage to arrive at 70V order, and 
to reach more than 30A. If it carries out in this state for 2 to 3 minutes, the main negative 
electrode 2 will be indirectly heated by about 1700 ** with the radiant heat at auxiliary cathode 
23 tip. From the heated main negative electrode 2, since the thermoelectronic emission of a 
high current occurs, this main negative electrode 2 comes to function as the negative pole 
which produces discharge. At this time, discharge turns into arc discharge (about [ A maximum 
of 250 ] A), and the temperature of the auxiliary cathode 23 falls. Therefore, the damage 
(consumption) by the heat of this auxiliary cathode 23 is avoided. 
[0022]LaB 6 which constitutes the main negative electrode 2 is a low density substance 

(specific gravity 4.6), and the reason for not carrying out direct heating of the main negative 
electrode 2 with Ar back run ion of glow discharge from the start is that there is a possibility 
that sputtering may be carried out with high-speed back run ion. However, LaB g has the very 

good thermal-electron-emission characteristic, and since thermoelectronic emission of a low 
temperature more remarkable than the melting point or large current density can be performed, 
the large current discharging of thermal consumption is also small, and it has the advantage of 
being long lasting. On the other hand, although Ta which constitutes the auxiliary cathode 23 
has the endurance to the sputtering action produced by said initial discharge with a high 
density material (specific gravity 16.7), it is very weak to the rise in heat by the thermal electron 
emission of final large current density. Therefore, it has the fault that thermal consumption is 
intense and a short life. So, in the plasma production means 50 used by this embodiment, it 
was considered as the compound-die LaB g negative pole which combined the auxiliary 

cathode 23 which consists a cathode part of Ta strong against the sputtering action at the time 
of initial discharge, and the main negative electrode 2 which consists of LaB g strong against 

the last thermal-electron-emission temperature. 
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[0023]lt is already proposed as the negative pole for discharge of composition efficient [ such 
the compound-die LaB g negative pole ] and easy (JP,2-50577,B), and also has the advantage 

that the accumulation efficiency of ion is good. 

[0024]The space between these negative poles and the anode is divided into the negative pole 
and anode side by arranging the bipolar electrodes 3 and 4 between a cathode part and the 
anode 7, and the plasma production means 50 of this embodiment is constituted so that 
plasma may be generated, where the pressure by the side of the negative pole is maintained 
to a pressure higher than the anode side. Therefore, it is possible to, set the pressure by the 

side of the negative pole as the value 10 " 1 - a 10 " 4 Torr grade expect the pressure by the side 
of about 1 Torr and the anode for example, and to generate plasma. Such a plasma production 
means of composition is called the pressure-gradient type plasma production means. If this 
pressure-gradient type plasma production means is used, discharge stable for plasma 
production can be performed maintaining at a high vacuum (low pressure) the inside of the 
vacuum housing 6 in which membrane formation is performed. Since there is almost no back 
run of ion to the main negative electrode 2 by a pressure differential, damage to the negative 
pole by the collision of ion can be prevented. It has advantages, like that thermoelectronic 
emission from the negative pole cannot fall easily, that the life of the negative pole becomes 
long, and large current discharging becomes possible. Even if it introduces reactant gas in the 
vacuum housing 6, there is no possibility that this gas may enter the plasma production room 
51. 

[0025](Embodiment 1) Here, the manufacture (membrane formation) process of the light- 
shielding film for photo mask blanks using what adopted the turbo-molecular pump as the 
exhaust means as Embodiment 1 in the above-mentioned system for thin film deposition (arc 
discharge type ion plating system) is explained. First, the silica glass of 4 inch around which 
carried out optical polish as the glass substrate 12 is prepared, and this glass substrate 12 is 
attached to the substrate holder 18. And chromium (Cr) is laid in each crevice of the 
evaporation source holding mechanism 7 (it serves as the anode of the plasma production 
means 50). Then, adjusting the opening of the main valve 16, it sets up so that the pressure in 

the vacuum housing 6 may be set to 8x10 " 6 Torr by said exhaust means. In this state, the 
direct current voltage of about 600 v is impressed between a cathode part and the anode 
(holding mechanism) 7 with the main discharge electrode 5, and plasma is generated. At this 
time, the gas pressure of the neighborhood field (said 1st vacuum space 51) of a cathode part 
is maintained by about 1 Torr in the plasma production means 50 by introducing the discharge 
gas (Ar) from the gas inlet 1 of the plasma production means 50 as mentioned above. It sets 
up so that the pressure of the neighborhood field of the anode (holding mechanism) 7 in the 

vacuum housing 6 may serve as abbreviation 2x10 ~ Torr by said exhaust means. Thereby, 
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arc discharge arises near the cathode part of the plasma production means 50, and said 
discharge gas is plasma-ized. The generated plasma is drawn out by the 1st bipolar electrode 
3 and 2nd bipolar electrode 4 from said plasma production room 51 at the anode 7 side (inside 
side of vacuum housing 6). With the bipolar electrodes 3 and 4 or the air-core coil 14, it 
converges cylindrical and this plasma is drawn in the vacuum housing 6 as the plasma flow 13. 
And the course of the plasma flow 13 is changed by the magnetic field of the magnet 8 for 
plasma convergence installed in the about seven anode (evaporation source holding 
mechanism), and the electron in plasma is irradiated with it at chromium in the crevice of the 
attaching part 19. At this time, said exhaust means is controlled so that the opening of the 

main valve 16 is adjusted and the pressure of the vacuum housing 6 serves as 8x10 ^Torr. 
Then, if the shutter 15 is opened, the substance (chromium) which evaporated will be ionized 
by passing along the inside of plasma, and will reach on the glass substrate 12. As a result, 
filmy chromium (Cr) is formed in this glass substrate 12 surface. What is necessary is just to 
stop membrane formation, when it becomes predetermined thickness since the thickness and 
the membrane formation rate (vapor rate) of a thin film can be measured by the thickness 
monitor 17 during formation of a thin film. The temperature of the glass substrate 12 (un- 
healing) at this time was 40 **. 

[0026](Embodiment 2) The light-shielding film for photo mask blanks was manufactured using 
what uses an oil diffusion pump as an exhaust means in the above-mentioned system for thin 
film deposition (arc discharge type ion plating system) (membrane formation). The film 
formation condition is the same as that of Embodiment 1. 

[0027](Comparative example 1) The sputtering system was used and the light-shielding film for 
photo mask blanks was manufactured (membrane formation). 

[0028](Comparative example 2) The electron beam vacuum evaporator was used and the 
light-shielding film for photo mask blanks was manufactured (membrane formation). 
[0029]The chromium light-shielding film formed by the above-mentioned Embodiments 1 and 2 
and the comparative examples 1 and 2 was evaluated. The result and film formation condition 
are shown in Table 1 . 
[0030] 
Table 1] 
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Evaluation of the light-shielding film for photo mask blanks in Table 1 was performed as 
follows. First, after chromium film membrane formation, the number of the pinholes of a light- 
shielding film passed the ultrasonic washing machine, observed the transmitted light in 
philOmm with the optical microscope, and counted the number. The adhesion with a glass 
substrate stretched adhesive tape on the chromium film surface, observed the desquamative 
state of the film when it is torn off visually, and judged the quality. 
[0031]As shown in Table 1, the film which has few pinholes and in which the adhesion of 
pinholes is also good has formed Embodiments 1 and 2 efficiently with membrane formation 
speed 1 nm/s. Since the oil free turbo-molecular pump was especially used as an exhaust 
means by Embodiment 1, it was dramatically as small as 40 pinholes. On the other hand, in 
the sputtering system of the comparative example 1 , although there were few pinholes as 80 
pieces, membrane formation speed is as slow as 0.2 nm/s, and there was a problem in mass 
production nature. In the electron-beam-evaporation device of the comparative example 2, it 
was dramatically as large as the 1500 number of pinholes. The light-shielding film of these 
Embodiments 1 and 2 by ion plating excelled the light-shielding film of the comparative 
examples 1 and 2 in the examination of the adhesion by a scratch. Although temperature of 
the glass substrate was made into low temperature 100 ** or less like this invention and 
sputtering and electron beam evaporation were performed, a film did not stick, and although it 
was better than electron beam evaporation, compared with the film of this embodiment, 
adhesion was considerably inferior [ by sputtering ] in electron beam evaporation. 
[0032]Although the turbo-molecular pump was used for the exhaust means, it may be made to 
use other oil free pumps, for example, a cryopump, an ion pump, etc. in the above-mentioned 
Embodiment 1. In laminating not a light-shielding film but the chromium film and the chromium 
compound films of a chromium film of a monolayer (a chromium oxide film, a nitriding 
chromium film, a chromic fluoride film, etc.) and forming a light-shielding film, During 
membrane formation, reactant gas, such as 0 2 , N 2 , and SFg, is supplied in the vacuum 

housing 6 from the reaction gas supplying ports 10. Although thickness was measured by the 
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' thickness monitor of the crystal type, it may be made to use an optical thickness gage in the 
above-mentioned embodiment. In an optical thickness gage, membranous optical density can 
be measured properly. It may be made to control glass substrate temperature by a 
temperature control means uniformly in prescribed temperature of 100 ** or less. If it carries 
out like this, equalization of membraneous quality can be attained more. 
[0033] 

[Effect of the lnvention]As explained above, in this invention, arc discharge generates plasma 
all over the 1st vacuum space set as the predetermined pressure, The chromium film or the 
chromium compound film is manufactured on the glass substrate by the arc discharge type ion 
plating using a pressure-gradient type plasma production means to introduce this plasma into 
the 2nd vacuum space set as the pressure lower than the 1st vacuum space (membrane 
formation). For this reason, the density of the plasma introduced all over the 2nd vacuum 
space by the plasma production means is high, And since the degree of electrolytic 
dissociation near [ which forms a thin film in the 2nd vacuum space ] a position (position which 
installs a substrate) is high, the rate of ionization of the quality of an emission increases, it is 
precise, a mechanical strength is strong, and the light-shielding film which was moreover 
excellent in adhesion with a glass substrate can be formed. Since the inside of the 2nd 
vacuum space is a high vacuum, mixing of the impurities (particles other than thin film 
structure material, etc.) to the inside of the film of the light-shielding film to form is controlled, 
and a high-density homogeneous light-shielding film with the light-shielding film near desired 
bulk density is obtained. 

[0034]Although it was easy to start a splash that it is easy to sublimate chromium, since glass 
substrate temperature was set as 100 ** or less and low temperature, A splash (particle) is not 
easily attached to a substrate, the splash which moreover adhered to the membrane surface 
on a substrate is not printed, and it cannot become a defect of a pinhole etc. easily that it is 
removable by a washing process etc. Since a good thin film is obtained even if it does not heat 
by making a substrate into low temperature, the temperature unevenness on the surface of a 
glass substrate by heating can be avoided, and the light-shielding film of uniform 
membraneous quality can be easily formed with sufficient reproducibility. 
[0035]lf oil free pumps, such as a turbo-molecular pump, are used as an exhaust means of 
said 1st and 2nd vacuum space, it can be lost that oil is incorporated into a film by the oil bag 
from an exhaust system, and the pinhole of the light-shielding film on a glass substrate can be 
decreased remarkably. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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[Drawing 1] 




[Drawing 2] 
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